ABSTRACT We study the model of predicting and announcing delays, including customer satisfaction and repeat the behavior. In a call center, anticipated delays affect the customer behaviors of balking and reneging; we characterize the level of satisfaction with delay information to modulate customer reactions. In reality, a customer reacts by repeating behavior upon entering the service with a full perception of the delay. In particular, customers may feel dissatisfied when entering service because they have experienced a delay that is longer than announced. That is how satisfaction with delay information and waiting time affects customers' repeat behavior. Generally, customers may arrive at a higher rate when they are satisfied with the anticipated delay and the waiting experience in a call center. We characterize such performance measures using an M/M/S+M queue model. The revenue of a call center is generated by serving customers, and each time a customer abandons a call, the system loses revenue. Interestingly, the model reveals the revenue from the repeat behavior of satisfied customers. The formula used to approximate the arrival process reveals that traditional research could systematically underestimate the total number of call-ins and revenue. We show how call center managers can determine the most economically optimal anticipated delay so that they can control the trade-off between revenue loss and revenue from satisfaction.
I. INTRODUCTION
In an invisible queue, informing customers of their anticipated waiting time has become a common use of technology, and such information can directly affect customers' behavior and influence their level of satisfaction. Here, we focus on the arriving customers' decision to wait for service and to repeat their behavior according to their levels of satisfaction with the delay information provided and their experiences waiting.
Making delay information available is especially important in call centers. Customers have no means of anticipating queue lengths, making the uncertainty involved in delay timing high. A maxim in the psychology of waiting is that ''uncertain waits feel longer than known finite waits'' [26] , and uncertain wait times have been correlated with lower levels of satisfaction [29] . Delay information affects customers' reactions in terms of abandonment (balking and reneging behavior). Furthermore, when the announced length of a
The associate editor coordinating the review of this manuscript and approving it for publication was Poki Chen. delay is longer than the actual delay, the customer may no longer call the center because of a lack of trust. Therefore, delay information can have a distinct role in increasing customers' patience by reducing the uncertainty of the waiting time in a queue.
A satisfied customer will be more likely to choose service from the same call center again than a dissatisfied customer. In the field of customer relationship management, Anderson and Sullivan [3] have shown that customer satisfaction is a good predictor of the likelihood of repeated purchases and revenue growth, and prior research has shown that customers react negatively to poor service by abandoning the firm [14] . In call center settings, the service encounter is unlike faceto-face service encounters at other service sites, such as restaurants, hotels, and banks. Therefore, the best means of providing and controlling customer satisfaction with a call center may be providing products and service efficiently and quickly.
Currently, more managers are beginning to emphasize the importance of providing delay information to improve customer satisfaction. First, it is a relatively inexpensive way to improve customer satisfaction. Second, satisfaction with the announced delay times affects customer' behavior. Managers would like to have repeat calls and more business from customers and therefore offer good customer service, provided they are able to maintain their revenue stream.
To the best of our knowledge, this is the first generalization of the delay information queuing model to incorporate customer satisfaction. Traditionally, queuing theory has modeled customer arrival at a call center as an external factor, as if arrivals follow a well-known distribution, without considering the potential impact on return, e.g., whether customers who are treated well might return to the firm or dissatisfied customers might not return. Little attention has been paid to repeat behavior with feedback about customer satisfaction or to feedback on satisfaction with the delay information provided. In particular, previous research usually ignored the role of satisfaction with delay announcements. In practice, customers may feel dissatisfied when they merely enter the service, thereby never choosing the firm because they do not trust the delay information provided.
The current study has been in part motivated by these trends in call centers for the retail service industry, including insurance companies, retail banks, and telephone booking companies. They sell products and services through the delivery channels of call centers, aiming for revenue. Changes have been taking place in the consumer/retail segment of these industries. As mature service delivery channels, call centers need to balance traditional efficiency and quality goals with the new emphasis on customer relationship management. That means instigating similar changes in how call centers function.
In this paper, there is one behavioral mechanism by which customer satisfaction with delay information can affect the classical queuing model. We study the problem from the point of view of a firm that uses a call center. In dealing with satisfaction, this paper is based on the queue model with feedback [18] . We further capture situations in which the arrival rate, including repeat customers, depends on customer satisfaction with the delay information provided. The equilibrium arrival rate is calculated by the fixed points algorithm. We derive a closed-form formula in order allow the call center to maximize its profit.
In predicting delays for arriving customers, this paper builds on previous analytical studies, such as the work of Jouini et al. [20] . They analyze a call center with impatient customers and derive the influence of the delay announcement on the customers' balking and reneging behavior. In this paper, we refer to a model that addresses how the system's performance affects customer behavior. Customers strategically choose whether to return; thus, the equilibrium arrival rates of the queuing system are determined by the performance measures.
The rest of this is structured as follows. In the next section we discuss a brief review of literature. Section 3 formulates the queuing model with delay information that is embedded in the revenue maximization problem, and addresses two issues of delay information satisfaction and repeated behavior. The form is relevant for applications in service system with delay information, especially for call centers with very impatient customers. In Section 4, we conduct a numerical analysis for exploring for the effectiveness of the proposed delay announcements, then provide the analysis on how to make optimal delay information coverage probability in order to get optimal revenue. Section 5 provides the conclusion to the paper and discusses the future research directions.
II. LITERATURE REVIEW
There is an increasing number of studies of the impact of delay information on system performance in an invisible queue. One of the first representative papers is by Hassin [17] , who studies the problem of revealing the queue length to arriving customers from the perspective of a revenuemaximizing manager. Whitt [33] models the effect of providing information on performance to customers of a call center, and shows how services can be improved by providing anticipating delay times to customers. Armony and Maglaras [5] , [6] consider a system where the service manager provides the customers with an estimate of the delay, and a customer may balk or wait based on this information. Aksin et al. [4] combine modeling and empirical analysis in an analysis of delay announcements in a call center. Jouini et al. [21] propose a new framework making use of a news-vendor-like performance criterion to pick the value to announce from the estimated delay distribution.
It is a real phenomenon that customers decide to balk and renege after receiving delay information from a call center, which shows that delay information impacts customer abandonment. Armony et al. [7] study the performance impact of making delay announcements to arriving customers in a many-server queue setting with customer abandonment. Jouini et al. [20] study a model where customers react by hanging up immediately upon hearing the delay announcement if the announced waiting time is too long, and might subsequently renege because of impatience. Research has found that informing customers of delays is beneficial regardless of the model used, but the optimal amount of precision in the announcements varies from model to model. Guo and Zipkin [16] study a model in which customers are provided with delay information and make decisions based on their expected waiting times. They find that different information may hurt the utility of the service provider.
A number of authors, including Luo et al. [25] , Carmon et al. [11] , and Zhou and Soman [35] have paid attention to customer psychology in waiting situations. They focus on evaluating how waiting time affects customer satisfaction and how to minimize customer dissatisfaction with the waiting process, however, there are few papers that go one step further and analyze how waiting time impacts customer returns and referrals. Haxholdt et al. [18] and van Ackere et al. [31] present a queuing model with feedback, which exhibits the dependence of the arrival rate on the wait 66282 VOLUME 7, 2019 time. However, they make use of a simulation method with the service rate modeled as a decision variable. Recently, van Ackere et al. [30] have started to develop a behavioral model in which customers come and go based on waiting time with simulation method.
The relevance of this research is evident in the burgeoning practitioner literature on customer relationship management. Hui and Tse [19] and Kumar et al. [23] study the relationship between information and customer satisfaction. Some investigations show that customer satisfaction results in repeat business and increases the firm's profitability [8] , [27] . Law et al. [24] focus on the effect of waiting time on repurchasing behavior and customer satisfaction in some service industries. Likewise, Chen [12] posits that the customer satisfaction level is an important factor that may affect the effectiveness of a loyalty program. In addition, customer satisfaction with waiting time affects customer loyalty [10] . For call centers, Dean [13] notes that service quality could affect customer loyalty to a call center, and he investigates real customers of an insurance company and a bank using call centers to validate his perspectives.
The current paper can be positioned in the literature above. A key characteristic of this paper is that we examine the metrics related to both customer satisfaction and arrival rates, and account for the characteristic that revenues are a direct function of delay announcements. This distinction will be discussed further below.
III. BASIC MODEL
In this section, we develop a model in which the service process contains two stages with feedback and the service provider announces the anticipated wait time to an arriving customer immediately. A customer's experience while using the call center consists of two parts: one part is waiting for service and service in the queue; the other part is deciding what to do, including repeat and queuing behavior. Behavior in the queue will be analyzed, and then we will focus on customers' equilibrium arrivals when they are satisfied with the delay information provided. The objective of the model is to maximize call center's revenue.
A. THE QUEUING SYSTEM WITH DELAY INFORMATION
We consider a firm that offers a homogenous product through a call center, such as a telephone booking system or any retail telemarketing firm. When the queuing process takes abandonment into account, this model can be viewed as an M/M/S+M queuing system with balking and reneging. The model doesn't differentiate the first call from customer return with the loyalty, and customers are served on FCFS without any priority. Especially, abandonment is not allowed once a customer starts service. Performance measures are derived, and system optimization is established.
System Parameters:
The equilibrium arrival rate µ : The service rate(1/µ is the average service time)
The number of servers (the decision variable) n : The number of customers waiting in the queue(n ≥ 0) T : The initial random patience threshold of the customers γ : An exponential distribution rate for the customer patience threshold ρ : The load on the system(ρ = λ e sµ)
On arriving, a new customer could get service immediately if the number of customers in the system is less than s. If all of the agents are busy, the customers have a probability α 0 of balking before any delay information is provided. This features models a portion of extremely impatient customers who call with the idea to hang up at once while they need to wait of service. The remaining customers may decide to balk due to the delay information or to accept the announced delay. We denote the distribution of a customer's virtual delay after hearing the information by D n , where n is the number of waiting customers ahead of her or him and virtual waiting is defined as the waiting time of each customer who does not abandon the call. Let d n denote the announced delay and p B (n) denote the probability of balking when the random patience threshold exceeds the delay d n . We assume that the balking behavior of customers is independent,
If a customer who waits in the queue after hearing the delay information, it means the customer is willing to wait in queue only a certain amount of time. We continue to model another behavior of reneging. If the service has not begun by this certain amount of time, reneging would happen. Make her updated patience threshold is still exponentially distributed with rate γ . Let g n (t) and G n (t) denote the probability density function of D n and the cumulative distribution function of D n . Jouini et al. [20] drive the expression,
In this model, we announce to the customer the delay d n discussed and reviewed in Jouini et al. [20] , where d n corresponds to a given coverage probability β. The virtual delay of a new customer cannot exceed the anticipated delay with this probability. The announced delay is given by
Let t k denote the initial patience threshold of the kth customer. In such a system, customers will update their patience threshold according to d n and the initial random patience threshold t k to the value θt k + (1 − θ)d n , where θ > 0, upon hearing the delay information. In previous research, the coefficient of the new patience threshold, θ , was modeled as a fixed value. In addition, we assume that θ is a random variable with a distribution.
We derive some related steady state probabilities by making use of PASTA property (Wolff.1982) . Birth and death rates are both state-dependent as shown in Figure 1 .p(i) denotes the probability that a number i of customers are present in the system at a random instant (i > 0) in the steady state. Let L(t) denote the system state representing the number of customers in the call center at t ≥ 0, where {L(t), t ≥ 0} is a Markov birth-and-death process. When the system reaches a steady state, new and repeat customers enter the call center at the rate λ e . If i < s, all of the arriving customers can enter the system immediately; thus, the birth rates are λ e , and their departures signal service completion. Otherwise, if i ≥ s, an arriving customer will immediately balk upon hearing the announced delay; thus, the birth rates are λ e (1 − α 0 ) 1 − p B (n) according to the analysis above. In this case, the departures represent service completion or customer abandonment, making the death rates equal to sµ
In the stationary regime, the steady-state probabilities are given by
and
Given these, it is straightforward to derive the probability of immediate service P I :
Jouini et al. [20] derive the performance of the conditional probability that a customer will renege, r n (θ):
In what follows, we assume that the new patience threshold θ is a random variable. We calculate the conditional probability r n (θ) as the expected value, assuming the new patience threshold θ is uniformly distributed and rescaled within the range [a, b] . Returning to Equation (7), we have
In particular, the special scenario in which a = b = 0 is the complete update case, which represents all customers updating their initial patience threshold to the announced delay. The quantity r 0
Because the initial patience threshold T and D n are independent, we can state
With an intuitive understanding of the conditional probability r 0 n (θ ): once a customer is in the queue, she or he abandons it if and only if the announced delay is shorter than the actual delay.
At the same time, the new reneging rate γ is calculated by applying the fixed point algorithm.
We define the satisfaction index P c as the service level at which customers react to announced delays upon entering service. It is true in practice that these customers will feel dissatisfied even if they enter the service because they have experienced a delay that they perceived to be longer than the initially announced delay. Satisfaction with the delay information provided has no influence on these customers' experience this time. However, P c determines whether a customer will return later or choose to leave forever. We can write this measure of satisfaction with the delay information provided as P c = P virtual delay announced delay ≤ 1 |entering the service . (12) Next, we derive an expression for a customer's satisfaction with the delay information, P c , which is the conditional probability that a customer is satisfied with the announced delay upon experiencing service in the system, given that the customer's initial patience threshold exceeds the announced delay. We assume that customers who receive immediate service are satisfied with the delay information; therefore P c is given in two parts, P c1 and P I .
Because the customers entering the service do not balk when d n < T , we obtain
Next, we can state that
Finally, the probability of a new arrival balking is denoted by p B , the probability of reneging by p R , the probability of entering service by p S , and the probability of entering service dissatisfied by P c :
B. ANALYSIS OF REPEAT CUSTOMER BEHAVIOR
Consider a firm selling a good or service through a call center to customers who purchase the good or service repeatedly, for example the booking ticket system in telephone networks. Customers gain more value from a higher quality level and incur a cost due to wait time; these customers choose the call center based on the expected value of the service. Furthermore, they may repeat the purchase, depending on the quality experienced and perceived. As one of customers satisfaction issue, delay announcements impact the behaviors of customers in a complicated way by Yu et al. [34] . It may also be that customers would appreciate cheap talk more than accurate delay information, see Allon et al. [2] . In this paper, we mainly address the issue that customers will be dissatisfied when their experienced delay exceed the delay information provided. Thus, we make the assumption that two major variables impacting repeated behavior are wait time and satisfaction with delay information. Following Gandomi and Zolfaghari [15] , we address the problem with the assumption that only a certain proportion of the customers who purchased a product in the last period will purchase again in the current period. In the queue model-handling method, we refer to more details on analysis of call centers with retrials by Aguir et al. [1] and Pustova [28] . This proportion is modeled by the parameter c i . c i is the probability that a customer becomes a repeat customer in the next period. (1 − c i ) is the proportion of customers who fail to proceed to the call center. The potential probability of repeat behavior c i depends greatly on the specific industry of the call center. For example, c i is expected to be relatively high for a call center providing a ticket booking service because the service frequency is sufficiently high that people would prefer a higher-quality service. We consider different levels of repeat behavior c i ∈ [0, 1]. The parameter i determines the repeat property of customer queue behavior. Customers who have reneged have experienced longer delays, leading them to leave with lower satisfaction levels than balking customers, thus the parameter c 3 representing the probability of balking repeatedly is higher than the parameter c 4 representing the probability of reneging repeatedly. In addition, customers entering the service have different perceptions of the delay information due to comparisons between the announced delay and the virtual delay. It is true in practice that a customer who will experience a delay longer than announced may lose trust in the call center, thus the value of c 1 is larger than the value of c 2 . Let λ new be the original customer arrival rate. We assume that λ new depends strongly on the size of the call center. We can directly derive the equilibrium arrival rate λ e ,
This equilibrium model falls into the class of product form networks described by Baskett et al. [9] ; therefore, the stationary behavior of the queuing model will not depend on the distribution of repeated behavior delays. Then they can be ignored.
C. PROVIDING OPTIMAL DELAY INFORMATION
In our model, the revenue of the system generated by serving a customer is denoted by TR. If a customer is lost, the call center will incur a revenue loss. The current setting of the coverage probability assumes this revenue loss occurs, and controls the trade-off between abandonment behavior and repeat behavior. Therefore, the service provider needs to solve the following unconstrained problem:
For the case of a loss in the system, the objective function takes this simple form because this type of loss can be expressed by the equilibrium rate of customers entering the service. It would be straightforward to incorporate the costs of maintaining customer satisfaction with the delay and the delay information provided in the form of technological anticipation.
The problem formulated above is easy to solve because the abandonment probability and equilibrium rate are embedded VOLUME 7, 2019 in the revenue expression. This paper uses an algorithm to obtain the equilibrium arrival rate λ e and an enumeration method to obtain the desired economically optimal coverage probability solution.
Then, the solution of the equilibrium arrival rate becomes calculating the root of equation (17) . The intermediate variable λ e can be obtained using a fixed-point algorithm (see, for example, Karamardian and Garcia [22] ), which is described as follows:
End Algorithm
IV. NUMERICAL EXPERIMENTS
In this section, we first measure the performance of the model, including customer satisfaction with delay information and abandonment behavior, when various system parameters, including announcement coverage and customer patience, are varied. Then, we show the effect of different repeat behavior on the call center upon customer satisfaction and compare system revenue without repeat behavior with heavy repeat behavior and with light repeat behavior. Finally we explore the optimal announcement behavior and optimal system revenue. The global parameters are α 0 = 0.05, γ = 0.5, and µ = 1.
A. THE EFFECT OF ANNOUNCEMENT COVERAGE β ON SATISFACTION WITH DELAY INFORMATION
To illustrate the performance of customer satisfaction with delay information, we first consider the six performance parameters p R , p B , P c1 , P I , P c and p S as functions of the system size. To observe the performance of customer behavior in the role of coverage probability clearly, we remove repeat behavior by making c 1 = c 2 = c 3 = c 4 = 0, which means the system is in the efficiency-and quality-driven regime. These performances are for each λ new ∈ {5, 10, 20, 50} and the patience update interval value (a, b) is (0, 1 3). In terms of abandonment behavior, we obtain a conclusion similar to Jouini's conclusion [20] , shown in Table 1 . The coverage probability β controls the trade-off between balking and reneging behavior. The abandonment behavior rule under the given coverage probability is consistent even when taking account of the uniform distribution of the updated patience threshold parameter θ . We also show the probability of entering service p S , which is increased with β until it reaches its maximum, then is gradually decreased. The system size determines the maximum value of the probability of service p S . This rule shows that a manager attempting to maximize revenue should choose a value for β because of its role in customer behavior. P c1 and P I are performance measures for customer satisfaction with the delay information provided. Note that β plays both roles in satisfaction with the delay information in this analysis. The higher β values in all system sizes show that P c1 always increases, and P c1 varies considerably with β. That means that more customers in the queue and entering the service are satisfied with the delay information with β, and at the same time, P c1 is insensitive to the system size so that it does tend to vary with the system size. A manager could choose an optimal value for β more carefully by considering the delay information satisfaction objective.
We also provide the probability of immediate service. P I always decreases with β no matter what the system size is. There is no doubt that customers who receive immediate service have the highest satisfaction level. However, the performance measure of P I does not vary much with β; this would make an optimal choice of β less critical for satisfying customers who receive immediate service. The flow framework assumes that a customer who is satisfied with the delay information provided is equivalent to a customer who enters the service without waiting, which is not necessarily true in practice because a customer may experience frustration due to waiting.
In figures 2(a)-2(d), we show a comprehensive analysis of delay information satisfaction and dissatisfaction as functions of β.The changes of P c and P c are particularly apparent, but the pooling effect is absent. Delay information satisfaction P c does vary with β with apparently increasing regularity, in contrast, delay information dissatisfaction P c decreases irregularly. Consistent with the previously presented analysis of p S ,this figure shows the probability of a customer entering service according to her or his satisfaction level.
B. THE EFFECT OF PATIENCE PARAMETER VARIATION ON DELAY INFORMATION SATISFACTION
In the previous section, we analyzed system performance as a function of the coverage probability β when the patience variation (a, b) is given. In the section, we explore the effect of varying the patience parameter with the parameter settings s = 20, λ new = 20, and c 1 = c 2 = c 3 = c 4 = 0, for five values of (a, b): (0,0), (0,1/3), (0,2/3), (0,1), (0,5/3) . The coverage probabilities are β = 20%,β = 40%,β = 60% and β = 80%. Table 2 reveals that the balking probability decreases and the reneging probability increases gradually for a wide range of patience update values (a, b). It is clear that customers who decide to stay for service become more patient when they receive delay information so that fewer customers renege. However, this results in a longer queue, which must lead to more balking customers as a result of longer wait times. Note that the probability of service p S does vary more and achieve higher values for a wider range of patience update values (a, b) no matter what the coverage probability β is, making the choice of an optimal coverage probability less critical because customers become more patient when they receive delay information.
Second, we show delay information satisfaction and dissatisfaction as functions of a customer's patience reaction in Figures 3(a)-3(d) . These changes make it particularly apparent that customers who are less satisfied with the delay information provided have a wider range of patience reactions, but these changes still increase the probability of service p S . As we can see from Figures 3(a)-3(d) , the speed by which delay information satisfaction P c is decreasing is less than that with which delay information dissatisfaction P c is increasing. Therefore, p S = P c + P c increases until it reaches its unchanged value.
Third, in terms of satisfaction with delay information, having more customers enter service and more patient customers leads to a decrease in the delay information satisfaction probability P c no matter what the coverage probability β is. P c1 increases gradually with a wide range of patience update values. This means that more customers waiting in the queue and entering the service are satisfied with the delay information provided. However, the probability of immediate service P I would distinctly decrease because of the increased number of customers in the queue. From another view, shown in Figure 4 , the coverage probability β plays a distinct role in decreasing speed of the delay information satisfaction. This is particularly true for small values of β in which delay information satisfaction varies significantly with patience reactions. Therefore, for different ranges of patience update variations, it does matter for a call center manager choosing the correct coverage probability.
C. COMPARISION OF MODELS WITH REPEAT BEHAVIOR
If the probability of repeat behavior c i is equal to 0 and the equilibrium arrival rate is its original value, the model represents the traditional research setting without repeat customers. As the traditional scenario does not consider repeat behavior, λ e remains unchanged. Here, based on the experiments of these three scenarios, without repeat behavior, with heavy repeat behavior, with light repeat behavior, we will draw certain conclusions that contrast with the traditional studies and explore the effect of repeat behavior on call center revenue. We consider these models with the parameters λ new = 10 and (a, b) = (0,1/3).
The performance rules for customer behavior without repeat behavior were introduced in the previous section; therefore, we only introduce the results of call center revenue for each staffing level s ∈ {5, 10, 20, 30} in Figure 5 . Obviously, the more the staff there are at the call center, the higher its efficiency is. In Figure 5 , we see the call center revenue as a function of the coverage probability without repeat customers. As β is increased, call center revenue always increases due to the increased probability of a customer entering service. However, the role of coverage probability β mainly depends on the system size in this regime. When the system's congestion is low, the probability of entering service p S is nearly maximized, which means that the staffing effect improves the call center's performance, thereby reducing the role of the system to the choice of the coverage probability β. In particular, the probability of entering service p S is 1 when the staffing level s is 20 and the variation with β disappears. That is the reason that the lines with s = 20 and with s = 30 coincide at the optimal value of p S .
We choose both models' parameters so that satisfied customers are simply classified into heavy and light with respect to repetition. The heavy user segment has c 1 = 0.6, c 2 = 0.2, c 3 = 0.3, and c 4 = 0.1. At the same time, the light user segment has c 1 = 0.3, c 2 = 0.1, c 3 = 0.2, and c 4 = 0, for each staffing level s ∈ {5, 10, 20, 30}, which is consistent with the repeat characteristics that were analyzed in Section III.B. To maintain consistency with a no-repeat model, we also set λ new = 10, with the system operating in an efficiency-driven regime.
First, we consider a model with heavy repetition. The results are shown in Table 3 . After incorporating repeat behavior, the equilibrium arrival rate increases markedly. For the sake of concision, we only note that the model has different performance than a no-repeat model. The probability of entering service is a curve which changes with increased coverage probability β, this is common to the models with and without repeats. In terms of the system load, a higher staffing level improves the performance measures and compresses the advanced space of repeat behavior, thereby reducing the load on the system. In Figure 6 , it can be seen that the increasing equilibrium arrival rate λ e and the curve representing the probability of service p S both result in changes in call center revenue. However, the role of the coverage probability β also depends on the system size. As it does in the model without repeat behavior, the staffing effect improves the system's performance, thereby reducing the role of the system to the choice of the coverage probability β. Second, we consider a model with light repeat use in Table 4 . The model with light repeat use shows similar trends in the probability of service, equilibrium arrival rate and system load. The difference is that the performance measures do not improve as a result of light use when s = 30. We note that the staffing level has an important effect on the choice of optimal β.
According to Figure 7 , both models have almost the same trend with respect to call center revenue, which shows that the service level is underestimated in the no-repeat model. All in all, the repeat parameters play an important role in determining the call center's revenue when customer satisfaction is taken into account.
To summarize, Figure 8 shows the different call center revenues for different repeat levels when s = 10. As expected, the call center revenue with heavy repeat behavior is always greater than that with no and light repeat behavior because of the repeated revenue. These results verify the underestimation of revenue in traditional research. Clearly, the coverage probability β plays an important role in determining the optimal revenue. Repeat behavior has the effect of increasing the call center's revenue, thereby improving its sensitivity to the optimal coverage probability. This makes the choice of optimal β critical when considering the heavy-repeat case.
D. HOW THE OPTIMAL ANNOUNCEMENT COVERAGE VARIES WITH SYSTEM SIZE
To incorporate delay information satisfaction and repeat behavior into the model, we analyze the optimal announcement coverage for optimal revenue generation as a function The results with repeat behavior are different from Jouini's results [20] , and we note that the optimal announcement coverage gradually increases with the system size. It does matter that a manager chooses a value for β after considering delay information satisfaction and repeat behavior to a greater extent. The performance measure of delay information satisfaction P c1 improves with higher values of β, in contrast to Jouini's results, which ignored the customers who were satisfied with the delay information provided. This is one reason that the system needs to provide a higher reliability β when congestion is high. In addition, incorporating repeat behavior allows one to distinguish balking behavior from reneging behavior and other satisfaction behaviors. For larger systems operating in a quality-or efficiency-driven regime, customer satisfaction is still important because of repeat behavior.
V. CONCLUSIONS
In the paper, we formulated and analyzed a call center with anticipated delays to customers, setting delay information satisfaction and customer abandonment metrics. That satisfaction with delay information can be different from the case of Jouini's research as well as repeated behavior impact on call center revenue is another key distinguishing feature of this model.
The numerical analysis illustrates how to balance different behavior satisfaction that has to be made in choosing the announced delay coverage, and demonstrates the role that repeated behavior has on choosing for call center optimal revenue. These results show that managers should provide relatively higher announcement percentile in the presence of different customer satisfaction.
In future work, first, it will be useful to investigate customer behavior with a field data set of call centers. Such work allows a direct comparison between practice and theory approximation. Second, in terms of the systems for different markets, our implementation may encounter problems with regard to customer satisfaction, and further refinements of the method would need to be investigated.
Possible extensions of current analysis are to considering staffing issue while incorporating customer satisfaction. In additional control of announcement coverage, combined with the role of staffing, it is interesting to provide manages with a means of improving system performance and revenue.
